Materials and Methods
Samples were grown using pulsed laser deposition on 5x5x0.5 mm 3 SrTiO 3 (001) substrates at 750
• in a P O 2 = 0.5 mBar. The nominal superlattices structure consisted of SrTiO 3 / [YBa 2 Cu 3 O 7 (10 nm)/La 0.66 Ca 0.33 MnO 3 (10 nm)] 10 with some samples having an additional 5 nm layer of YBa 2 Cu 3 O 7 for the study of the LCMO side of the LCMO/YBCO interface. For the case noted as Ca doped in the manuscript, YBCO targets containing 10% and 20% Ca were used in order to explore the influence of hole doping on the overdoped side of the phase diagram. The high quality of all of the samples was confirmed by x-ray diffraction, which showed epitaxial growth with the c-axis along (001). The morphology of the superlattices was studied by x-ray diffraction, atomic force microscopy [see Fig. S1 (A)] and specular neutron reflectivity (S1). The results demonstrate that the samples are atomically flat with an average structural roughness of 5Å or less. Similarly, the flatness of the interface on the atomic scale is investigated by high resolution TEM and shows no visible structural defects (S2) .
Further, the chemical homogeneity of individual layers was investigated by secondary ion emission spectroscopy which confirmed homogeneity of the layers. The proper chemical composition of the cap layer was verified by conventional X-ray photoemission spectroscopy. The resulting spectra demonstrate the absence of any impurity phases on and near the surface. Figure S1(B) shows magneto-transport with field applied in the sample plane. These data confirm the presence of two important transitions in the sample. First, a transition from a paramagnetic insulating into a metallic ferromagnetic state at T m ∼ 200 K for H = 0 T, which is the hallmark behavior of the colossal magneto-resistance in the manganites. The second is the onset of superconductivity around T SC ∼ 78 K, which is consistent with optimally doped YBCO of reduced layer thickness. The XAS spectra taken with circularly polarized light shown in Fig. S2 demonstrate the absence of absorption associated with Mn 2+ ions, which additionally testifies to the quality of the LCMO layers. It has been shown previously that loss of oxygen leads to the formation of Mn 2+ in manganite films (S3,S4) which is detrimental for manganite magnetism. The numerical calculations were done using exact diagonalization of a small cluster consisting of a Cu ion surrounded by 4 planar and one apical oxygen; the apical oxygen is at the same position as in bulk YBa 2 Cu 3 O 7 , and it is connected to the 3z 2 -r 2 orbital in the manganite. We use typical parameters (S5) with the hopping pdσ=1.5 eV in terms of Slater-Koster integrals (S6), a charge-transfer energy of 3.5 eV, and an oxygen hopping determined by ppπ-ppσ=1.3 eV. The on-site U is 6 eV to account for the strong electron-electron correlations. The Cu corehole spin-orbit coupling is 13.5 eV and the core-hole potential on Cu is 6 eV. The Mn (t 2g ) 3 core spin is treated classically, with a Hund's rule coupling that is sufficiently large to ensure that the e g electrons have their spins parallel to the core spin. Since the covalent exchange involves valence fluctuations between Cu 2+ + Mn 3+ and Cu 1+ + Mn 4+ , the lowest energy configuration involves antiferromagnetic coupling between Cu and Mn as shown in Fig. S3 . Ferromagnetic coupling is clearly not favored as it would involve minority spin Mn states and results in a significant additional energy cost to overcome the Hund's rule coupling. The on-site energy on the manganese is treated as a free parameter to simulate the difference in chemical potential on states. The red arrows show the total magnetic moment and illustrate how the lowest energy hybridized state between Cu and Mn results in antiferromagnetic orientation of the magnetic moments.
